We present results of an electron paramagnetic resonance (EPR) study of 
Introduction
Manganites of the general formula Re 1−x A x MnO 3 where Re is a trivalent rare earth ion and A is a divalent alkaline earth ion, exhibit a number of interesting phenomena such as colossal magnetoresistance (CMR), insulator to metal, paramagnetic (PM) to ferromagnetic(FM) or antiferromagnetic(AFM) transitions and charge/orbitally ordered states as a function of x and temperature T [1, 2] . Not surprisingly, they have been the subject of intense study in the last few years. Recent experimental and theoretical studies indicate that manganites undergo intrinsic phase separation (PS) in the CMR regime [3] . PS refers to the spontaneous and competing coexistence of two (or more) different phases such as FM clusters in an AFM background observed in the x-T phase diagram for x ≤ 0.5, of large and intermediate electron bandwidth manganites. A large number of experimental techniques including transport, [4] magnetic, electron microscopy, [5] scanning tunneling microscopy, [6] small angle neutron scattering, [7] Brillouin scattering, [8] NMR [9] and muon spin relaxation measurements, [10, 11] mainly on the prototype manganite La 1−x Ca x MnO 3 have provided evidence for 2 microscopically inhomogeneous FM phases below the Curie temperature (T c ). Recently the Nd 1−x Sr x MnO 3 compound for x = 0.5 is also shown to spontaneously phase segregate [12, 13, 14] . Woodward et al. [12] using techniques such as x-ray diffraction and neutron diffraction showed a number of interesting features in its phase diagram. It was found that on cooling below T c , an intermediate A-type AFM phase appeared in addition to the FM phase. Below T N = 150 K, the FM state transforms to a CE-type AFM state in the temperature range of 150 K to 100 K, indicating the presence of FM phase in this temperature range apart from the A-AFM and CE-AFM phases. A study by Ritter et al. [15] also illustrates coexistence of these three phases at 125 K. It was suggested that such phase segregation aids the field induced structural transitions observed in Nd 0.5 Sr 0.5 MnO 3 (NSMO0.5) [16] . While most of these studies report the occurrence of PS below T c , photoemission studies indicated the presence of a phase separated state even above T c [3] .
Theoretical attempts to understand PS have been mainly through numerical simulations and mean -field calculations. Two different scenarios have emerged, viz electronic phase segregation and disorder-induced mixed state. In the former, a phase separated regime interpolates between the AFM and FM phases while approaching the FM phase by hole doping of the AFM phase. When long-range Coulomb interactions are taken into account, the phase separated domains turn out to be of the order of a few nanometer size as observed in some experiments [17] .
However, experimental results of Uehra et al. [5] indicate the presence of much larger (∼ micrometer size) domains. It is well known that the A-site cation radius < r A > plays a major role in determining the properties of manganites. It was also found [18, 19] that the disorder caused 3 by mismatch in the ionic sizes could play a significant role in phase separation as well as in determining the CMR properties. The size of the A-site cation influences the Mn-O-Mn bond angle which in turn affects the hopping rate of the charge carriers. A random distribution in the size of A-site cations leads to a random distribution of the rate of hopping and the random distribution of the exchange coupling constant J which is also determined by the Mn-O-Mn bond angle. A local variation in these parameters, leads the system to be either in FM or AFM state depending on the parameters. On the other hand, creating a large number of FM-AFM interfaces is not energetically favourable. Competition between these two tendencies in a system leads to the formation of clusters much larger than the lattice spacing in which the number of interfaces is reduced and the tendency for local disorder to form either a FM or an AFM phase is partially satisfied. A homogeneous phase would therefore be expected for a compound such as PrCaMnO 3 where the A-site cation radii are comparable. As the size disorder grows, the cluster size goes on reducing in the phase separated state. Looking at the ionic radii of various A-site cations in 6-coordinated octahedral structures (Nd : 1.123 A 0 , Pr: 1.13 A 0 , Ca : 1.14 A 0 , Sr : 1.32 A 0 ) one can expect that NdCa or PrCa manganites have more homogeneous phases than NdSr or PrSr manganites which are expected to phase segregate as indeed found experimentally [13, 20] . In spite of a large number of experimental and theoretical studies, a clear and consistent picture of the PS phenomenon is yet to emerge. For example the recent X-band EPR study of Rivadulla et al. [21] proposes a coexistence of a FM phase with a PM phase in LaCaMnO 3 instead of the FM and AFM phases as believed commonly.
Since EPR is a very powerful local probe and is found to be sensitive to the presence of inhomogeneities, we have used the technique to study Nd 1−x Sr x MnO 3 single crystals and powders with a view to investigating the phenomenon of phase separation . We have used samples with x = 0.5 (NSMO0.5) and x = 0.55 (NSMO0.55). The phase diagram of x = 0.5 sample is fairly complex [13] with coexisting phases in certain regions of the phase diagram. It is a paramagnetic insulator at room temperature. Neutron diffraction studies, however, reveal presence of two-dimensional FM fluctuations [22] A-type AFM phases [13] . The A-type AFM phase consists of FM planes coupled antiferromagnetically to each other and is characterised by the
−y 2 type orbital ordering. Below the Neel temperature T N = 150 K a CE-type AFM state is formed which also coexists with the A-type AFM state [13] . The CE-type state is characterised by 3x 2 -r 2 /3y 2 -r 2 orbital ordering. The Neel temperature is also the charge ordering temperature in this material. NSMO0.55 on the other hand is not known to show any phase separation. It is a paramagnetic insulator at room temperature and transforms to an A-type AFM state at T N = 230 K with
−y 2 orbital ordering without any charge ordering [13] . We compare the EPR results of NSMO0.55 which does not show any phase segregation with those of NSMO0.5 and find that these two samples behave very differently [23] . To compare and contrast with the results on these two materials we have also studied La 0.77 Ca 0.23 MnO 3 (LCMO). LCMO In figure 1 we have indicated the region to which the respective signals belong. The method of analysis followed for each region is described below.
1. In the temperature range between 290 K and 255 K (the signals at 290 K and 277 K in figure 1 ), the signals are narrow and are well fitted to the derivative of a single Lorentzian described by equation: [25] 
where ∆ H is the linewidth and H 0 is the center field.
2. Distorted signals are observed in the temperature range of 250 K to 200 K as shown by data for 210 K. These signals are also quite broad and therefore they have to be fitted with the derivative of Lorentzian consisting of two terms given by equation
where the first term represents signal response due to the clockwise polarized component of microwaves and the second term represents the signal due to the anticlockwise polarized component of the microwaves [25] . In this temperature range, we found that we could obtain better fits by using two Lorentzian functions with different linewidths and center fields, each described by equation In the third region these two components have opposite temperature dependences to that in region 2. The 'P' component shows an increase in H 0 as the temperature is reduced remaining less than the H 0 value in region 1. Component 'Q' on the other hand shows a decrease as a function of decreasing temperature. In region 4 the single H 0 of the Lorentzian fitted to the signal excluding the low field region, shows a non-monotonic behaviour and has a magnitude less than that in region 1. In region 5, H 0 is practically temperature independent.
As can be seen from [25] .
where α is the asymmetry parameter representing the ratio of the ab- fig. 6b show a weak temperature dependence throughout the temperature range increasing till 210 K and then shows a decrease.
The g value obtained from the resonance fields is less than the free electron g value and remains so throughout the temperature range. The intensity shows a peak at 210 K and then decreases sharply. It roughly follows the temperature dependence shown by dc susceptibility.
In figure 7 , we plot the double integrated intensities of different signal components in the three materials for the sake of comparison.
Based on an analysis of the different lineshapes of the powder signals of NSMO0.5 we make the following observations. In region 1, the signals fit very well to the derivative of a single Lorentzian. Clearly, the sample is monophasic and homogeneous. Neutron diffraction measurements [12, 13] also show that the sample is paramagnetic and monophasic in this region. The 'g' value obtained from the EPR experiments is smaller than the free electron 'g' value as expected for a CMR manganite in con- In the previous discussion of the EPR results on NSMO0.5, we have presented two important results, (1) EPR presents evidence for phase segregation and (2) This phase segregation in NSMO0.5 involves, separation into a ferromagnetic phase and an A-type antiferromagnetic phase.
In the following we provide additional evidence to support these conclusions. We present EPR results on La 0.77 Ca 0.23 MnO 3 (LCMO), which is known to phase separate into two ferromagnetic phases [24] and on Nd 0.45 Sr 0.55 MnO 3 (NSMO0.55) which is known to undergo a transition to a homogeneous A-type AFM phase.
EPR in LCMO
As can be seen from the inset of fig. 4 , the EPR signals in LCMO fig. 4 are practically temperature independent in the paramagnetic phase. In the ferromagnetic phase however, both the signal components show a resonance field shifted to lower field side compared to that in the paramagnetic phase as expected from a ferromagnetic phase. This is consistent with the earlier evidence from NMR experiments [24] that the two phases at this composition are ferromagnetic (one being insulating and another being metallic.) It is to be noted that we start observing the signatures of phase separation at a higher temperature than the NMR studies. We believe that this is because of the different timescales of the two techniques, EPR being a much faster probe than NMR. A very important point to note here is that the shift of resonance fields in LCMO in the phase separated regime is very different from that of NSMO0.5, in that, one of the two signals (marked as 'Q') in NSMO0.5 shifts to a resonanant field higher than the resonant field in the paramagnetic phase and the other signal (marked as 'P') shifts to a lower field than the signal in the paramagnetic phase.
This low field shift indicates that component 'P' is obviously from the ferromagnetic phase present in the sample in this temperature range.
We propose that the high field signal component in region 2 and 3 in fig. 2a is indeed due to A-AFM phase which is present in the sample in that temperature range. To substantiate this claim we now discuss the results of NSMO0.55 which is a single phasic homogeneous sample but goes into an A-AFM phase.
EPR in NSMO0.55 In marked contrast to this behaviour is the behaviour of intensity of the two phases in LCMO. (fig. 7c) The intensity of these two phases remains practically temperature independent down to very low temperature as is to be expected for any FM phase which remains stable down to very low temperature.
In conclusion, the present study of x=0.5 and 0.55 compositions of 
